There are limited clinical trials examining the efficacy of antihypertensive drug combinations aimed at preventing cardiovascular events. Therefore, we designed a randomized controlled trial using amlodipine as the base drug of a multi-drug regimen, the Optimal Combination of Effective ANtihypertensives (OCEAN) Study, to determine the drug combination that is most efficacious in the prevention of cardiovascular events, such as stroke. The OCEAN Study is a collaborative study between Japan and China, enrolling 20 000 patients and following them for 3 to 4 years. A pilot study was conducted before the full-scale study to confirm the feasibility of the protocol and that the study groups and infrastructures could function properly. A total of 279 Japanese patients were enrolled from 57 participating medical institutions between June and December 2004. Two hundred and sixty-six patients (mean age: 65.9 years) were treated with amlodipine alone. One hundred and fifty-four of these patients (57.9%) did not reach the treatment targets (o140/90 mm Hg for the elderly and patients with cerebrovascular disease, o130/80 mm Hg for those with diabetes mellitus, chronic kidney disease or prior myocardial infarction) and a second agent was added. They were randomly allocated into three different treatment groups using a diuretic, a b-blocker or an angiotensin-converting enzyme inhibitor/angiotensin II receptor antagonist. The pilot study showed that the protocol was appropriate, and the inclusion of patients with slightly higher blood pressures was necessary to increase the randomization rate. It also confirmed that we organized properly functioning study groups and infrastructures.
INTRODUCTION
Hypertension is the most common lifestyle-related disease and a major risk factor for cardiovascular diseases. The current guidelines for the treatment of hypertension set lower goals for optimal blood pressure (BP) than previous guidelines. 1 -3 The recommended BP target is o130/85 mm Hg for young and middle-aged people, o140/90 mm Hg for the elderly and patients with cerebrovascular disease, and o130/80 mm Hg for those with diabetes mellitus, chronic kidney disease or prior myocardial infarction. 1 To attain these BP targets, two or more antihypertensive drugs are often necessary. 4 A number of clinical trials have been conducted to compare different classes of antihypertensive drugs to determine the class that is most efficacious for the prevention of cardiovascular diseases. In these trials, a number of subjects were treated with two or more classes of drugs to attain the goal of normal blood pressure. [5] [6] [7] However, clinical trials examining the efficacy of possible combinations of drugs to prevent cardiovascular events are quite limited. 8, 9 Therefore, we planned a randomized controlled trial, the Optimal Combination of Effective ANtihypertensives (OCEAN) Study, to determine the drug combination that is most efficacious in the prevention of cardiovascular events, such as stroke, using amlodipine as the base drug. The OCEAN Study is a collaborative study between Japan and China, enrolling 20 000 patients and following them over a period of three to four years. A pilot study enrolled two hundred patients in Japan and was conducted prior to a full-scale study to confirm the feasibility of the protocol. It also tried to confirm that the study groups and infrastructures we organized do work indeed properly.
Rationale
Reduction of hypertensive cardiovascular complications with antihypertensive therapy has been shown to be attributed to the lowering of BP itself rather than to the characteristics of antihypertensive drugs in clinical trials and meta-analyses. 10, 11 As the treatment guidelines tighten recommended target BP values, two or more antihypertensive drugs are frequently required to attain target BP.
Currently, in Japan, the frequency of prescribing calcium-channel blockers is the highest in the world; these drugs are administered to 60-70% of hypertensive patients. 12 Hypertension is the most common lifestyle-related disease. However, there is an ethnic difference in the type of cardiovascular complications; whereas heart disease is more prevalent in Europe and the United States, cerebral stroke is more prevalent in Japan and China. [13] [14] [15] Recently, there has been a shift toward using composite end points as a primary end point rather than single end points. This is partly because too large of a sample size was needed when a single end point was adopted. Whereas interpretation of results is clear for a single end point, interpretation of the results of a composite end point could be ambiguous depending on the results obtained, particularly when the composite end point is composed of events of different clinical significance. Therefore, in the present study, we chose a single end point, stroke, as a primary end point.
The purpose of the OCEAN Study is to test the effectiveness of the different combinations of antihypertensive agents on the incidence of stroke and other cardiovascular events in a real-world setting. As amlodipine, a calcium-channel blocker, is the most commonly used antihypertensive drug in Japan, the present study is designed to identify another drug as a possible add-on to amlodipine to produce a more efficacious therapy for the prevention of cardiovascular events.
METHODS

Study design and protocol
The OCEAN Study is an investigator-initiated, prospective, randomized, open-label, parallel group trial. The study adopts the prospective randomized open-label, blinded endpoint (PROBE) design, 16 in which members in the endpoint committee are blinded to drug assignments. The patients entering the study were first treated with amlodipine. If the target BP was not achieved by amlodipine monotherapy, a second agent was added. The patients were randomized to a second agent from the following list: a diuretic, a b-blocker including an ab-blocker, an angiotensin-converting enzyme (ACE) inhibitor or an angiotensin II receptor antagonist (ARB). The target BP of this study was o140/90 mm Hg; in the case of patients who had diabetes mellitus, the target BP was o130/80 mm Hg. The patients were monitored based on a routine follow-up schedule. The outcomes of the ACE inhibitor/ARB, or the b (ab)-blocker arms were compared against the diuretics arm.
Patient enrollment
Investigators screened and enrolled eligible outpatients who fulfilled the inclusion criteria in Table 1 , aiming for a total of two hundred patients who would complete an initial pilot study. Table 2 shows the exclusion criteria for this study. It was estimated that the full-scale study would require approximately 20 000 patients to complete 3-to 4-year follow-up.
Randomization
The patients who were not achieving BP targets with amlodipine monotherapy were randomized to an add-on therapy at the time of transferring from Step 1 to Step 2. The randomization was applied according to a minimization method to ensure a balance of patient characteristics such as age, sex, diabetes and a history of stroke. 17 The randomization was conducted at a data center via the University Hospital Medical Information Network (UMIN) system. Figure 1 shows the study design by which eligible patients were assigned to a treatment regimen at the time of enrollment. Patients who had completed the screening evaluations and fulfilled the inclusion/exclusion criteria began amlodipine at 2.5 or 5.0 mg for Step 1. Those who had been treated with amlodipine before enrollment continued amlodipine for Step 1, and antihypertensive agents other than amlodipine were stopped. The daily dosage of amlodipine should not exceed 5.0 mg. If the patients' BP achieved the recommended target level, the appropriate dose of amlodipine was maintained and the patients were kept on monotherapy. The patients who had not achieved Table 1 Inclusion criteria Outpatients who fulfill the following (1) to (4) criteria can be included in this study.
Study medication
(1) Outpatients at 55 years old or older. the target BP after treatment with amlodipine were randomized to amlodipine plus diuretics (Group I), amlodipine plus b (ab)-blockers (Group II) or amlodipine plus ACE Inhibitor/ARB (Group III) for Step 2 at 4 to 8 weeks ( Figure 1 ). When the patients achieved target BP, they were maintained on the regimen until the completion of the study. However, patients who did not respond to the two agents prescribed in Step 2 after 4 to 8 weeks were moved to Step 3. Augmentation treatment agents for Step 3 were a1 blockers, hydralazine, clonidine, a methyldopa and reserpine. When patients did not achieve the target BP in step 3, they were moved to Step 4. In Step 4, patients were treated with amlodipine and other antihypertensive agents including those of the other arms designated in Step 2.
Blood pressure targets
The BP target is the goal recommended by international and local treatment guidelines. 1-3 Systolic blood pressure (SBP) should be o140 mm Hg and diastolic blood pressure (DBP) o90 mm Hg. Patients who have diabetes, however, should have SBP o130 mm Hg and DBP o80 mm Hg. It is recommended that the investigators achieve these target blood pressure measurements by active titration and the addition of medications.
Endpoint assessment
The primary and secondary end points are summarized in Table 3 , and an independent endpoint committee evaluated all events without the knowledge of the assigned treatment groups.
Patient follow-up
The patients were evaluated at periodic intervals to assess continued response to treatment and lack of treatment tolerance development, and to determine whether an end point had been reached. Visits occurred at regular intervals to reflect the standard of practice. At the time of enrollment, patient interviews were conducted to determine background information such as sex, age and medical history. At each clinic visit, body weight, resting BP and pulse rates in the sitting position were measured. Laboratory tests, including serum total cholesterol, HDL-cholesterol, triglyceride, plasma glucose, creatinine and a standard 12-lead ECG, were conducted every 6 months.
Ethics committee review and informed consent
This study was conducted in accordance with the Declaration of Helsinki, the ethical guidelines for clinical studies from the Ministry of Health, Labour, and Welfare and the protocol described in this study. This study was approved by either the ethics committee of the Public Health Research Foundation or the local ethics committees of the participating medical institutions. Written informed consent was obtained from each patient before the study.
Statistical considerations and analyses
The sample size was estimated from the examples of the following preceding clinical studies that were conducted in Japan and China: NICS-EH, 18 STONE 14 and the Syst-China study. 15 We assumed the incidence of stroke to be between fifteen and twenty events per thousand patients per year in group I (amlodipine plus diuretics). The null hypothesis was that group I is inferior to group II (amlodipine plus b (ab)-blockers) and group III (amlodipine plus ACE Inhibitor/ARB) by more than 25%. On the basis of this condition, 57 000-76 000 patient-years are required with an a level at 2.5 and at 90% power. Thus, the estimated sample size was 20 000 patients over the 3-to 4-year follow-up period.
Table 2 Exclusion criteria
(1) History of secondary hypertension such as hyperaldosteronism, pheochromocytoma, renal artery stenosis, coarctation of the aorta, and Cushing disease or syndrome.
(2) Unstable angina pectoris. (3) Patients participating in any other studies involving investigational or marketed products within 3 months before entry into this study, or concomitantly with this study.
(4) Malignant hypertension or systolic BP is X200 mm Hg and/or diastolic BP is X120 mm Hg. (5) Presence of renal insufficiency as evidenced by a clinically abnormal serum (serum creatinine is equal to 2.0 mg dl À1 or higher).
(6) Presence of hepatic dysfunction as evidenced by a clinically abnormal liver function test (AST and/or ALT is greater than or equal to 3 times upper limit of normal). (7) Presence of cardiac failure of NYHA class II or severer, serious arrhythmia, or the 2nd degree heart block or severer. 
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Figure 1 Study design and treatment protocols. *1: Patient's blood pressure reached the target blood pressure with amlodipine monotherapy after the end of the 16th week. *2: a1 blockers, hydralazine, clonidine, a methyldopa and reserpine were selected by investigators as add-on therapy. *3: Randomization was possible until the 16th week.
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Statistical analyses were performed by unpaired t-test for continuous variables and by chi-square test for dichotomous data. Statistical significance was set at Po0.05.
Study monitoring and data collection
Coordinating Center representatives or visiting clinical research coordinators communicated with the investigators to assess the progress of the study and the adherence to the protocol. The investigators maintained source documents, including laboratory reports, complete histories and physical examinations for review by the monitor. Data were collected electronically in preparation for the full-scale study, in which a large amount of data has to be processed.
RESULTS
This pilot study was conducted to confirm that the full-scale OCEAN study would draw a valid conclusion reflecting real-world clinical practice. The registration period for the pilot study was from June to December 2004, and the registered patients were followed for 12 months.
A total of 279 Japanese patients were enrolled from 57 participating medical institutions between June 2004 and December 2004. Thirteen patients were excluded because of the screening failure. Two hundred and sixty-six patients were treated with amlodipine alone, of which 154 patients (57.9%) did not reach the treatment goals (BP o140/ 90 mm Hg for patients without diabetes, o130/80 mm Hg for patients with diabetes) and were randomly allocated to one of the three treatment groups (Figure 2) . Fifty-two patients were allocated to group I, the diuretic group. Fifty patients were allocated to group II, the b (ab)-blocker group, and 52 patients were allocated to group III, the ACEI or ARB group.
Several differences were observed in the baseline characteristics between the randomized and non-randomized groups (Table 4) . SBP and serum creatinine were higher in the randomized group than in the non-randomized group (Po0.05). Prevalence of diabetes mellitus, smoking, use of ACEI/ARB, decreased eGFR and proteinuria was higher in the randomized group than in the non-randomized group (Po0.001), and the prevalence of stroke was decreased in the randomized group (Po0.001).
The three treatment groups were similar in terms of demographic characteristics, cardiovascular risk factors for stroke and diabetes, rate of current smoking and previous antihypertensive treatment. The numbers and percentages of patients in each group who had already been treated with an antihypertensive agent were 49 (94.2%) for group I, 47 (94%) for group II and 50 (96.2%) for group III. The mean BP and pulse rate of each treatment group are shown in Table 5 . SBP was reduced in each treatment group in a similar way, but the amlodipine/ b-blocker combined regimen tended to have caused a greater reduction of DBP and pulse rate.
Achievement rates of the target SBP either at 3 months, 6 months or 12 months after randomization were 31% for diabetics and 50% for non-diabetics in group I, 34 and 63% in group II, and 35 and 67% in group III, respectively. Achievement rates of the target DBP either at 3 months, 6 months or 12 months after randomization were 63% for diabetics and 72% for non-diabetics in group I, 81 and 84% in group II, and 68 and 94% in group III, respectively.
All events that were reported during the study were evaluated by the endpoint committee. There was a total of two confirmed cases of 
Table 3 End points
Primary end point
(1) New onset or recurrence of stroke (cerebral infarction, cerebral hemorrhage, subarachnoid hemorrhage) except transient ischemic attack.
Functional disability of the patient will be assessed based on the modified Rankin Scale (mRS) at 3 months after the new onset or recurrence of stroke. The mRS 0-2 is considered as mild stroke, whereas the mRS 3-5 is considered as severe stroke.
Secondary endpoints
(1) Combined endpoint of cardiovascular events and all cause mortality.
Cardiovascular events are considered as stroke, coronary death, non-fatal myocardial infarction, exacerbation or new onset of heart failure, introduction of dialysis or doubling of serum creatinine (Serum creatinine is equal to or greater than 2 mg dl À1 ).
(2) Effect on metabolic profile (Serum lipid, HbA1c, new onset of diabetes). (3) Cost-effectiveness comparison of each group.
stroke: one in group II and one in group III. Two cases of acute myocardial infarction were confirmed in the amlodipine monotherapy group. One death was confirmed in group II. All of these events were determined based on data obtained by the endpoint committee whose members were blinded to the assigned treatment. The patients in all of the treatment groups tolerated treatment well. There were no serious adverse events reported.
DISCUSSION
Two hundred and seventy-nine patients were enrolled in the pilot study, and thirteen patients were excluded by screening failure. Two hundred and sixty-six patients received amlodipine alone; from this group, 154 patients were randomized to either of the three treatment groups. The rest of the enrolled patients attained the target BP of o140/90 mm Hg, or the attending physicians did not randomize patients at their discretion because BPs almost reached the target level. All three groups experienced lower BP to a similar extent, and no severe adverse reactions were reported.
In the full-scale study, 5000 patients are required for randomization in Japan. To randomize 5000 patients, approximately 8000 to 9000 patients must be enrolled according to the current protocol. This will be a costly burden for investigators, which may result in low feasibility. A measurement to improve the feasibility of the study is to change the inclusion criteria. In the current protocol, before the enrollment of patients treated with amlodipine monotherapy, patient SBP should be controlled in the range of 140-159 mm Hg and/or DBP should be in the range of 90-99 mm Hg. However, in other trials, patients already on antihypertensive treatment for higher BP were included. Patients receiving efonidipine with DBP o120 mm Hg were included in the JATOS Study. 19 Patients already on antihypertensive treatment with SBP o210 mm Hg and DBP o115 mm Hg were included in the VALUE Study. 20 Therefore, by including patients with slightly higher BPs on monotherapy with amlodipine, the randomization rate will be increased without endangering patients or decreasing the number of patients enrolled, and the feasibility of the study would increase.
Achievement rate of the target SBP was relatively low in the diabetic subjects throughout the three treatment groups. This seemed to be due to the lower target SBP in diabetic subjects than in non-diabetic subjects. On the other hand, achievement rates of DBP were relatively high across the 3 treatment groups. This was likely due to the fact that DBP is usually low in elderly people, and many elderly subjects whose mean age was around 70 years were enrolled in the present study.
Hypertension was often complicated by diabetes, and more than 60% of enrolled patients in the present study were diabetics. As a major cardiovascular risk factor, such as diabetes mellitus or past history of stroke, was required to enroll patients, investigators seemed to have regarded patients with diabetes as appropriate and thus enrolled more patients with diabetes than those with past history of stroke.
In the present study, the PROBE design was adopted and end points were confined to hard end points alone. The primary end point was stroke, and the secondary end points were combined end point of myocardial infarction and death, etc. Angina and transient ischemic attacks were regarded as soft end points; therefore, to avoid investigator bias, these were not included either in the primary or secondary end points.
In the present study, clinical study coordinators who were sent from site management organizations were introduced. The coordinators confirmed that informed consent was obtained in writing, verified reported events by documentation, and contributed to the quality assurance of an open-label clinical trial. Even if the PROBE design was adopted, data verification by a third party, such as clinical research coordinators, was necessary to ensure the quality of the study. Electronic data capture was introduced, and we confirmed that this system can process large amounts of data for collection in the full-scale study.
In conclusion, the pilot study confirmed that the study group and infrastructures that we organized worked properly. In addition, the inclusion criteria of patients who were already on antihypertensive treatments should be modified to include patients with higher BPs. This would increase the randomization rate and decrease unnecessary enrollment without endangering patients, thus resulting in higher feasibility of the full-scale OCEAN Study.
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